ABSTRACT. -The foraging niche patterns of woodpeckers and insectivorous passerines in two montane forests in New Hampshire were characterized and compared in separate and joint multivariate analyses. Comparisons of these two communities occurring in contrasting environments help to identify and assess the relative importance of the factors determining their species compositions and niche structures. The most important of these are shown to be the interrelated effects of climate, habitat physiognomy, competitive interactions, food resource base, wintering habits, and biogeographic origin of the avifaunas. Subalpine birds had lower and more variable population densities, plus lower niche diversity but greater niche overlap than birds of northern hardwoods. Niche ordinations showed that canopy height and foraging substrate were important gradients in the organization of both communities. We conclude that the patterns of bird community structure in these particular habitats are responses to diverse evolutionary and ecological events that determine individual species' patterns of habitat selection and resource exploitation. In this paper we analyze the niche structure, food resource relationships, and phylogenetic affinities of the woodpeckers and insectivorous passerines in two distinct but nearby forest habitats and use this comparative approach to identify and assess the factors that determine the observed bird community patterns. To do this we quantified the foraging behavior and habitat use of syntopic breeding birds in two forest systems along an elevational gradient in the White Mountains of New Hampshire. One bird community occurs in the relatively tall, broad-leaved northern hardwoods forests at 600 m elevation and is composed of bird species most similar to those found in more southerly deciduous forests (Holmes and Sturges 1975, Holmes et al. 1979). The other occurs in largely coniferous subalpine forests at 850 to 1,400 m elevation and is comprised primarily of boreal species (Sabo 1980). Moreover, since environmental adversity increases with elevation in these mountains, the subalpine community is subject to greater climatic instability and seasonality. Here we consider how these differences in habitat structure, environmental factors, and species origins affect the species compositions, guild configurations, and species niche relationships of these two bird communities. In addition, the occurrence of several species in both communities offers an opportunity for a "natural experiment" to
examine the effects of habitat and community interactions on their niches.
STUDY SITES
The northern hardwood community was studied on a lo-ha plot at elevation 600 m, adjacent to watershed 6 of the Hubbard Brook Experimental Forest, White Mountains National Forest. Sugar maple (Acer saccharum), beech (Fagus grandifolia), and yellow birch (Be&la lutea) are the dominant trees, with some red spruce (Picea rubens) sparsely interspersed (see Holmes and Sturges 1975 for details). The subalpine community was studied on Mount Moosilauke, 8 km northwest of the Hubbard Brook site; most observations were made on a 50-ha tract of relatively homogeneous forest in a broad valley of the upper reaches of the Baker River watershed at 950-1,150 m elevation. Subalpine dominant trees are balsam fir (Abies balsamea) and red spruce, with substantial numbers of paper birch (Be&la papyrifera) and some mountain ash (Sorbus americana) (see Sabo 1980 for details). Comparing the climate at 1,000 m and 600 m elevation, the subalpine is colder (12°C vs. 16°C mean June temperature), wetter (150 vs. 120 cm annual precipitation), and windier (30 vs. 12 km/h mean above-canopy wind speed). The northern hardwoods canopy averages 22 m in height, 90% coverage, whereas the subalpine canopy averages 7 m height, 60% coverage. The average diameter (DBH) of the live trees greater than 2.5 cm DBH is 16 cm in the northern hardwoods, 10 cm in the subalpine zone; the lower community also has fewer dead trees (5% vs. 14% basal area percentage). Foliage volume is about 1% coniferous at the northern hardwood site, 68% at the subalpine site. Foliage height profiles for the two areas are shown in Figure 1 . Both sites have been logged in this century (ca. 1909-1939) but subalpine regeneration appears slower, and more dead woody brush has accumulated on the subalpine forest floor than in the northern hardwoods.
METHODS

BIRD DENSITIES
Both studies relied on fixed study plots and modifications of Kendeigh' s (1944) spot-map method to determine bird densities. All censuses were conducted during the main breeding season, late May to mid-July, in the years 1976 to 1978. The northern hardwood populations were monitored on the 1 O-ha plot using (1) standardized timed censuses, twice weekly between 06:OO and 08:OO with two observers each time, (2) mist-netting and color-banding, once or twice weekly using 40 mistnets, and (3) systematic observations and territory mapping (see Holmes and Sturges 1975 for further details). Subalpine populations were censused on a 5-ha plot centered in the 50-ha tract using (1) standardized time censuses, once to twice weekly between 05:OO and 09:OO with a single observer each time, (2) mist-netting and color-banding once weekly during 1977 using five mist-nets, in order to evaluate census accuracy, and (3) systematic observations and territory mapping. Subalpine populations were also censused (but not mist-netted) each year on a supplemental 5-ha plot located on the exposed forested ridge above the 50-ha tract at 1,250 m elevation. Over 20 h of observation time were accumulated each season for each plot, with boundaries and adjacent areas closely inspected for bird territories lying partially in the plot. Four additional 5-ha plots were also censused (but not mist-netted) in 1977 in other sections of the Baker River watershed to characterize variation in bird densities across the subalpine landscape.
Bird densities were averaged over the 1976-1978 seasons. To evaluate the relative stability of populations, the coefficient of variation (CV = SD/X) was computed for the 1976-1978 seasons. The coefficient of variation is equivalent to the standard deviation of a population with a mean density of unity. When comparing three years, it reaches an upper limit of fl for species present in only a single year.
FORAGING BEHAVIOR
Both studies sought foraging birds and recorded data on a given bird for as long as it was in COMMUNITY STRUCTURE OF FOREST BIRDS 123 sight. Data for the northern hardwoods community were taken exclusively on the lo-ha study site. About 70% of the subalpine foraging data were taken on the 50-ha tract, with the remainder from adjacent areas on Mt. Moosilauke of similar habitat between 850 and 1,200 m elevation. Data on foraging maneuvers were recorded by bird species, time of day, type of maneuver, substrate to which the maneuver was directed, height above ground, plant species, and, when in a tree, whether it was along the inner (proximal) or outer (distal) half of the crown. Although techniques used in the studies were standardized in most respects, minor differences in foraging maneuvers required some adjustments in the subalpine data set (Sabo 1980 ): (1) "hawk" and "hover" were combined to equal the "hover" of Holmes et al. (1979) (2) for branch and trunk substrate classes, "hawk" and "hover" were included in "glean" and (3) "twig-peck" was merged with "twig-glean."
For this comparative analysis, foraging behavior was quantified by 22 variables that fell into four groups (see Table 3 ): (1) 12 maneuver-substrate combinations, with frequencies adding to unity; (2) two positions for tree crown ' maneuvers; (3) three foliage variables; and (4) five height strata, with frequencies adding to unity. To compare the two communities in a joint ordination (see below), we had to make two adjustments to compensate for differences in physiognomy and vegetative composition. First, canopy trees in the northern hardwoods average three times taller than those in the subalpine zone. As noted in other studies (Cody 1974 , Hutto 198 l), some bird species appear to scale the vertical foraging component to relative foliage strata. Therefore, we categorized the foraging heights into five strata for each community: (1) forest floor; (2) shrub layer, from just above the ground level to 1.5 m in both forests; (3) sapling layer, 1 S-7.5 m in the northern hardwoods and 1.5-4.5 m in the subalpine forest; (4) the mid-canopy, 7.5-l 5 m in the northern hardwoods and 4.5-7.5 in the subalpine forest; and (5) upper canopy, the foliage above 15 m in the northern hardwoods, and above 7.5 m in the subalpine forest. Second, the relative use of coniferous vs. deciduous foliage seems primarily a response to the relative amounts of these two foliage types (compare Table 3 with Fig. 1 ). These two variables dominated the preliminary joint ordinations (see below), producing separate clusters for the two communities and were subsequently excluded from the data set in order to compare foraging techniques in the two communities. Multivariate analyses were used to reduce this complex, redundant, data structure to axes expressing the major underlying relationships. Each community was ordinated separately, and the axes of these ordinations compared to examine whether foraging was patterned similarly in the two communities. Then, the data matrices for the two communities were combined and ordinated together (=joint ordination) so that the ecological relations between species in different communities could be examined. Several other species occurred sporadically in both communities or at densities too low for us to measure. These will be discussed in a later section. Woodpeckers were notably rare in the subalpine zone (Table 1) . None of the woodpeckers characteristic of the northern hardwoods was found breeding in the subalpine sites on Moosilauke, but Black-backed [Three-toed] Woodpeckers (Picoides arcticus) bred in some well-timbered subalpine areas with numerous snags. The species composition also reflects the foliage of the two communities: kinglets, highly dependent on conifers, were absent from the northern hardwoods, and the Dendroica warblers, many specializing on conifers, had fewer species and lower densities in the northern hardwoods. Also, groups with more tropical and warm-temperate distributions ("centers of radiation"), such as thrushes, vireos, and tanagers, were commoner and had more species in the northern hardwoods (see below).
The northern hardwoods supported greater bird populations than the subalpine zone (178 birds/lo-ha as compared to 110 birds/ 1 O-ha in the subalpine valley and 62 birds/lo-ha on the subalpine ridge). The four additional subalpine plots also had low bird densities (K = 114 f 4 1 SD birds/lo-ha). Although this difference might have arisen partly from the more intense censusing effort in the northern hardwoods, it is consistent with other studies comparing bird densities in temperate deciduous and coniferous forest (Udvardy 1957). The community in the subalpine zone was dominated by fewer species than that in the northern hardwoods, as indicated by Simpson index (C = Z P,' ) values of 0.180-o. 183 for the subalpine plots versus 0.113 for the northern hardwoods.
Bird populations appeared to fluctuate annually more in the subalpine forest than in the northern hardwoods (Table 2 ). The mean coefficient of variation (CV) for the 22 northern hardwood species was 0.45 2 0.42 SD, for the 20 subalpine valley species 0.82 f 0.56 SD, and for the 13 subalpine ridge species 0.19 -t 0.54 SD. The northern hardwoods CV was significantly less than either subalpine CV (MannWhitney U-test, tu = 2.45 and 2.31, P < .05). The greater yearly fluctuation in the subalpine populations was also indicated by the number of species absent from the plots for one or two of the three seasons. Of the 22 northern hardwood species, two were absent one year, and only one was absent in two years (Black-capped Chickadee). Of the 20 subalpine valley species, five were absent one year, and four were absent two years (Red-breasted Nuthatch, Rubycrowned Ringlet, Solitary Vireo, and Baybreasted Warbler). Of the 13 subalpine ridge species, three were absent one year, and three were absent two years (Ruby-crowned Ringlet, Magnolia Warbler, and Purple Finch). The northern hardwoods thus had a greater proportion of "full-time" species than both subalpine areas (x2 = 5.05 and 4.52, P < .05). While the differences in CVs between the northern hardwood and subalpine sites could conceivably be attributed to different plot sizes and census procedures, given the intensity of our study, it is unlikely that a species breeding on or adjacent to any plot was completely overlooked.
The mean CV did not differ between the subalpine valley and subalpine ridge sites, primarily because a number of "part-time" species at the valley site contributed high CV values. However, when only the 13 species occurring at both sites were analyzed, we found that populations in the subalpine valley fluctuated less. The greater exposure of the ridge may make it a poorer quality habitat for breeding than the subalpine valley. Since these birds are mostly migratory and redistribute themselves across the landscape each breeding season, they may prefer sites like the valley, leaving the ridge for population overflow. Variation in population density between the sites (e.g., the Whitethroated Sparrow was common on the ridge but also fluctuated relatively more there) may also reflect the quantity of suitable habitat (open brush and edge is rarer on the valley site than on the ridge). The one species with the reverse pattern, the Yellow-rumped Warbler, not only had higher densities on the ridge site, but also was the most subordinate species in the subalpine warbler dominance hierarchy (see below). Possibly these warblers selected sites that were lower in densities of Black-throated Green and Magnolia warblers, thereby accounting for its distribution pattern. We gained additional perspective on the nature of the population fluctuations by examining the patterns of the six species found in both the northern hardwoods and subalpine valley study plots. Here the CVs were not uniformly higher in the subalpine sites (Table 2) ; instead, the pattern appeared to reflect the habitat preferences of the species. We arranged the six species by their relative densities in the two communities, from those much commoner in the northern hardwoods (Solitary Vireo, American Redstart), through the Black-throated Green Warbler with approximately equal abundances in both communities, to those commoner in the subalpine forests (Swainson' s Thrush, Winter Wren, and Dark-eyed Junco). These density trends correlated with the species' elevational distribution. The mean elevation of occurrence of a species, as determined in a survey of the White Mountains (for data, see Sabo 1980), may be used as a general index to the elevational preference of the species. In this case, the ratio of subalpine density to northern hardwood density, used as a relative index of subalpine preference, was correlated with the species' mean elevation (Spearman' s r = 0.83, P < .05, n = 6). Moreover, all six species had higher CVs in the community where they had lower densities. These patterns agree with the general notion that populations fluctuate less in areas that are more "favorable." If the population response to a habitat gradient is pictured as a bell-shaped curve, then our results suggest that the demes lying towards the tails of the distribution will experience greater relative fluctuations.
Univariate comparisons between communities. The means and standard deviations for the foraging niche characters of birds in the northern hardwood and subalpine communities, unweighted by relative abundances of species, are given in Table 3 . In both areas, birds chiefly obtained arthropods from leaves by gleaning and hovering, and made less use of branches, trunks: and the forest floor litter. Their use of the height strata was comparable for the two communities when these categories were scaled to forest stature.
Some differences between the community means may be attributed to habitat structure. Broadleaf or conifer foliage use would be strongly correlated with the habitat' s plant species composition and structure. Some foraging maneuvers were more frequent in the northern hardwoods because of the more open and larger-leaved broadleaf canopy, where insects on leaf tips could not be reached by a stationary bird from the twig, where sufficient room existed for frequent sallies and hovers, and where trunks and branches were readily accessible. This may account for the more frequent use in the northern hardwoods of aerial sallying (t = 3.47, P < .002, n = 42 species unless otherwise indicated), leaf hovering (t = 2.02, P = .05, n = 39 passerine species), branch and trunk maneuvers (t = 7.0, P +z .OOl), and broadleaf use (t = 4.59, P < .OOl). Similarly the more frequent occurrence of leaf gleaning (t = 3.57, P < .OOl), twig maneuvers (t = 7.2, P < .OOl) and conifer use (t = 7.6, P =K .OOl) in the subalpine zone may have resulted from the dense conifer canopy, where birds could reach insect prey by gleaning, and where narrow twigs formed a large fraction of tree crown volume.
Comparison of separate community ordinations. Independent ordinations using detrended correspondence analysis (DCA) were performed on the northern hardwoods and subalpine data sets in order to compare patterns of foraging within each community (Fig.  2) . The two ordinations show the same basic "T" structure, though with different lengths of the second axis and somewhat different representations of guilds. The food supply may be more finely subdivided in the subalpine canopy than in the northern hardwoods, as suggested by the closer and more even spacing of species on the second axis and the greater length of this axis in the subalpine. This is probably due to the larger number of species that feed in the foliage, using a greater range of foliage substrates (conifer to broadleaf) in the subalpine forest. Also, more congeneric species occur in the subalpine community, particularly the Dendroica warblers.
Joint ordination of both communities. The ordination of the combined northern hardwoods and subalpine communities using detrended correspondence analysis (DCA) shows the ecological position of the birds of one community in relation to those of the other (Fig.  3) . The eigenvectors and their correlations with the niche variables for the DCA axes are the formal summary of the major relations within the data set (Table 3) Table 1. species response. Seven northern hardwood and five subalpine species had terrestrial foraging patterns. Within each community the species graded from the arboreal niches to more terrestrial ones; the division between these groups seemed to lie at the shrub layer (ca. 1.5 m height), with terrestrial species using lower shrubs, herbs, litter, and fallen logs. In the northern hardwoods, the Black-throated Blue Warbler' s use of the shrub layer placed it intermediate to terrestrial and arboreal foragers. Axis II accounted for 25.2% of the variance, with a length of 2.80 standard deviations. It separated three woodpeckers and a nuthatch in the northern hardwoods that primarily forage on the proximal portions of tree trunks. From these, a species gradient started with the Red-breasted Nuthatch and the hardwoods' Solitary Vireo, which use both branch and some foliage resources, continued through species using progressively finer resources, and terminated with the Blackburnian Warbler and Ruby-crowned Kinglet, which hover extensively at leaves in the upper crown. Along this gradient from coarse to fine substrates, subalpine species were few at first, but came to outnumber northern hardwood ones (subalpine ordination scores were lower than northern hardwood ones on axis II, t = 2.43, P < .05). This reflects two phenomena: (1) woodpeckers were rare in the subalpine forest, probably because food was scarce, and (2) subalpine forests were smaller in stature, offering fewer large branches or tree boles to forage upon.
Axis III accounted for only 6.4% of the variance. It and higher axes were not readily interpretable, expressing minor components of unrelated species' niches (e.g., hovering by thrushes and kinglets). These higher axes probably obscure biologically meaningful data because the residual variance from axes I and II can swamp data that are important to only a few species pairs.
MEASUREMENTS OF FORAGING NICHE
Niche breadths were similar in both communities. Breadths of foraging maneuvers were nearly identical, while breadths of foraging height were only slightly greater in the northern hardwoods (Table 4) . On the other hand, the niche overlaps computed from 23 1 northern hardwood and 190 subalpine species pairs averaged significantly higher in the subalpine community, particularly for foraging maneuver overlap. Even when the three woodpeckers were omitted from the calculations for foraging maneuver overlap in the northern hardwoods, this measurement (0.45) was still lower than that for the subalpine community (t = 4.33, P < .Ol). Thus species in both communities had about the same diversity of foraging activity, but those in the northern hardwoods were more broadly distributed across an abstract niche space (Fig. 3 where there are more northern hardwood species along the upper and right peripheries ofthe joint ordination). These findings agree with predictions from classical competition theory (MacArthur 1972) that niches should overlap more in communities with greater population fluctuations and more severe environmental conditions. A broader food supply in the northern hardwoods was evidenced by the presence of woodpeckers and by the lower niche overlaps. It would be misleading to draw conclusions on the intensity of competition from the niche measurements, however, because the differences between the resource bases of the two communities have not been quantified.
SPECIES FOUND IN BOTH COMMUNITIES
Six species regularly occurred in both northern hardwood and subalpine forests, and their relative foraging positions in both communities are shown in Figure 3 . 3 ). These thrushes occupy habitats in an overlapping elevational series in the order: Wood Thrush, Veery, Hermit Thrush, Swainson' s Thrush, and Gray-cheeked Thrush (Dilger 1956 , Noon 1981 . Noon (1981) found that interspecific competition strongly affected habitat selection in thrushes. Since more species and higher total densities of thrushes occur in the northern hardwoods than in the subalpine zone, competition may be more intense for thrushes on the northern hardwoods site. Moreover, the two subalpine thrushes differ in thermoregulatory adaptations to cold, while the four northern hardwoods ones do not (Holmes and Sawyer 1975) .
Critical dimensions that separate woodpecker feeding niches include tree species, tree diameter, foraging style, and foraging height, agreeing with previous studies (Kilham 1964 (Kilham , 1965 (Kilham , 1970 As with the thrushes, studies of individual sets of species indicate that interspecific competition appears to be more important in organizing relations among the foliage insectivores in the northern hardwoods than among the subalpine counterparts. In the northern hardwoods the three commonest species were involved in competition-dominance relations, while in the subalpine zone, only the warbler hierarchy occurred. The most common bird in the subalpine forest, the Blackpoll Warbler, appeared to entirely lack direct competitors excepting the rare Bay-breasted Warbler (Morse 1979 , Sabo 1980 ). Furthermore, it may have thermoregulatory adaptations to the subalpine zone that are unique among warblers (cf. Sabo 1980). The apparent reduction of competition in the subalpine zone is probably related to its environmental severity. Not only are populations more variable here, thus blunting competition, but also the harsh climate has pressured some species to adapt to the conditions. These adaptations effectively expand the abstract niche space by serving as new axes for differentiation of species. Furthermore, insufficiently adapted species (e.g., Wood Thrush, Scarlet Tanager) cannot enter the subalpine habitat. A parallel trade-off between competition and environmental adversity exists in intertidal organisms, where physical factors chiefly determine community patterns in the higher, more exposed zone, while biological interactions including competition are more important in lower zones where conditions are less severe (Connell 196 1) .
Comparing niche ordinations and measures does not serve to demonstrate competition in the present study. We have inferred that competitive interactions organize species relations for numerous individual cases, based on intensive detailed studies of two to five species systems reported in the literature. In these studies, many of which were conducted on our study plots or in similar nearby forests, competition was reasonably conclusively shown to modify foraging behavior of the species involved. The emerging general picture is not that competition organizes the relations between every species in the community as some authors have maintained (e.g., Cody 1974). Rather, within certain groups of ecologically similar species, competitive interactions can be an important determinant of niche structure.
MINOR OR RARE SPECIES
In addition to the 20 to 22 principal bird species considered in the preceding sections, several other species occurred rarely or occasionally on or near the forest study sites (Table 5) . These species were encountered too infrequently or were too widely dispersed for us to obtain accurate estimates of their densities or adequate samples of their foraging behavior. Despite this lack of data, however, a brief consideration of these species provides insight into some of the factors affecting species distributions and into the structure of these montane bird communities. Some species bred commonly in one community but were rare in the other. Such rarities represented the edges of populations distributed along an elevational gradient. Birds from the northern hardwoods that entered the subalpine zone were the Black-capped Chickadee, Hermit Thrush, Red-eyed and Philadelphia vireos, Black-throated Blue Warbler and Ovenbird. Only Purple Finches regularly reversed this pattern down into the northern hardwoods, although the Red-breasted Nuthatch and White-throated Sparrow appeared occasionally in the northern hardwood zone in appropriate habitat (conifer stands for the nuthatch or forest edge/fields for the sparrow). Why more northern hardwoods birds invaded the subalpine zone rather than the reverse may be due to (1) the greater geographic extent of northern hardwoods forests in the White Mountains, providing a larger number of potential colonizers, and (2) the scarcity of coniferous foliage in the northern hardwoods, making good breeding habitat and suitable foraging substrates/resources hard to find for conifer-dependent birds.
Other species (e.g., Pileated Woodpeckers in the northern hardwoods) were "rare" because they occupy large home ranges and could not be censused or observed adequately by our methods. Several species apparently found certain forest habitat to be marginal, as indicated by their irregular occurrences, low numbers in some years, and absence in others (e.g., Black-backed Woodpeckers, Three-toed Woodpeckers, Tennessee Warblers, and Cape May Warblers in the subalpine zone, Brown Creepers in both habitats and Black-and-white Warblers in the northern hardwoods). These irregular occurrences (apparently accompanied by breeding in most cases) may be related to specialized habitat or resource requirements that were not met regularly in the study areas. For example, two sallying flycatchers that require open perches, were rare in our study areas, the Eastern Wood-Pewee in the northern hardwoods and the Olive-sided Flycatcher in the subalpine forest, but b th were commoner in more open areas within t ese habitats. Some species of irregular occu rence were at the southern limit of their geog aphical ranges (e.g., Gray Jay in the subalpine z i ne), and may have been limited by both clima e and habitat. Blue Jays were infrequent at bot study sites, which were located in large, relat vely unbroken forest. This species appeared t be more common in lower elevation forests and in more disturbed and forest-edge habitats. Blue Jays seem to increase in the northern hardwoods at Hubbard Brook in years of high beech mast production (Holmes, unpubl. data). Likewise, the occurrence of American Robins in these forests may represent an overflow from massive populations in different but nearby habitats (forest edge and pasture lands); they increased at Hubbard Brook during an insect outbreak (Holmes and Sturges 1975) The important point here is that each species appears to respond to the habitat in specific ways. This is most apparent among the incidental species that find these two communities marginal for a variety of reasons.
WINTERING PATTERNS, BIOGEOGRAPHY AND THE PLEISTOCENE: IMPLICATIONS FOR UNDERSTANDING TEMPERATE BREEDING BIRD COMMUNITIES
Cycles of Pleistocene glaciation, biogeographical origins of the North American avifauna, and wintering habits also probably affected the structure of the two communities. In Figure 4 , we have plotted two parameters of the White Mountain bird species' annual cycles, the southern limit (in eastern North America) of breeding range and the northern limit of wintering range. The southern breeding limit roughly indicates tolerance to warm temperatures and fidelity to northerly biomes (although species breeding south on the Great Smoky Mountains tend to blur the pattern).
The northern wintering limit indicates tolerance to cold temperatures and increasingly harsh seasonality. The graph shows the more southerly distribution of species occurring at lower elevations in the White Mountains, and a line of demarkation at about 37-38" N latitude, differentiating species that radiated in the New World from those primarily of palearctic origin. To what extent do these trends result from Pleistocene events and how might those events have affected the structure of these two bird communities?
Mayr (1976) discussed the probable geographic origins and secondary speciation centers for the North American avifauna. Of the species occurring in our forests, creepers, corvids, chickadees, nuthatches, kinglets, and the Purple Finch are from palearctic stock, and all have northern wintering grounds. Foods of these species on their breeding grounds reflect winter feeding centered on trunk, twig, and coniferous foliage, substrates that are available year round. Although the insect populations (Mayr 1976 ). This process gave rise to about 200 genera encompassing 850 species (Morony et al. 1975 ) including vireos, warblers, tanagers, and sparrows, birds that now dominate seasonal passerine niches in the temperate zone. Ground-feeding birds are disabled by snow cover and they must retreat to southern wintering grounds. Foliage gleaners, particularly broadleaf users, encounter similar difficulties when leaves drop and insects undergo diapause. Figure 2 shows that the terrestrial guild in both communities is composed solely of species that have spread from the tropics (warblers, wrens, sparrows and catharine thrushes). The wood-pecking guild is dominated by palearctic species. Among foliage gleaners, palearctic derivatives are more restricted to conifers (e.g., kinglets), while New World derivatives mostly forage on broadleaf trees (Table 1) . On our census plots, the CVs for passerine species of palearctic derivation (X = 1.28 -t 0.48SD, y1 = 1l)weremuchhigherthan those for species of tropical American derivation (K = 0.55 + 0.45 SD, y1 = 41) probably reflecting harsher and more variable climate on their northern winter grounds. The three northern hardwoods woodpeckers had very low CVs (X = 0.23 * 0.05 SD), differing from the other palearctic derivatives. The probable explanation is that one woodpecker is migratory while the other two resident species have access to a more dependable food source (barkburrowing insects) and hence are less vulnerable to winter conditions. In order to seek wider biogeographic trends in community assembly, we analyzed the woodpeckers and passerines that breed in eastern North America (east of the Great Plains and excluding the Florida peninsula and Greenland) (Table 6 ). Seasonal niches involving aerial, terrestrial, and foliage insectivory correlate with migratory New World species. Niches based on year-round resource bases correlate with residential birds of palearctic derivation. Subspeciation is more pronounced in resident species than in migrant ones (t = 6.04, P < .OOl, cf. Table 6 The contributions of neotropical and palearctic stocks to the foliage-using guilds in the two montane communities can be further related to the glacial history of the vegetation zones. On the one hand, 9 1% of the common foliage-using species in the northern hardwoods, but only 67% of those in the subalpine forest are derived from New World stock. On the other hand, only four warbler species feed in the northern hardwoods canopy, but eight use the subalpine canopy. This apparent contradiction may result from Pleistocene events. During climatic change vegetation zones shift extensively, fragmenting migrants' breeding ranges and facilitating speciation (cf. Mengel 1964 Two important points emerge from these considerations. First, present-day species composition and patterns of resource partitioning in communities must be partly attributed to Pleistocene, and perhaps earlier, events occurring on a large geographical scale. Second, events and processes on the north temperate summering grounds, as well as those on the wintering grounds and even during migration, can significantly affect bird community patterns. This is counter to the general views developed by Fretwell (1972) and Wiens (1974 Wiens ( , 1977 i.e., the winter season almost exclusively has the most influence on migratory species. Thus, in identifying the determinants of avian community structure at a site, one must consider many interacting factors operating at different scales of resolution.
CONCLUSIONS AND SUMMARY
Migration allows birds to exploit seasonal Our results show that many factors influence productivity but requires a wintering ground the structure of forest bird communities. The with ample food supply to sustain the popu-habitat at higher elevations is a low, largely lation (see Keast and Morton 1980). Compe-coniferous subalpine forest and the climate is tition and niche displacement patterns may cold and harsh. Compared to the northern influence evolution in these wintering-ground hardwoods bird community, the subalpine communities, which often exist amidst a res-community has fewer species, less diverse phyidential low-latitude bird community-with logenetic stock, generally lower and more variconsequently different niches and habitats for able population densities, lower niche diverbreeding and for wintering. Although a pale-sity but greater niche overlap. These findings arctic species entering the New World may suggest that avian community structure is have a breeding-ground niche that fits into a strongly affected by climatic severity in the nearctic temperate or subalpine community, subalpine zone, while other factors, such as we speculate that a suitable wintering niche at competition, seem relatively more important low latitudes could be difficult for a newcomer in the northern hardwoods. Population and to find. As this newcomer species migrated niche differences of the six species that occur southward in the New World searching for vi-in both communities are strongly associated able wintering grounds, it would encounter with differences in habitat preferences and progressively richer, more tightly co-evolved physiognomy, but competition is also implicommunities that might thwart the invasion cated. The niche ordinations indicate that the (some temperate species are in fact territorial organization of these communities can be on the wintering ground, e.g., Rappole and largely understood in terms of where the species Warner 1980). Moreover, palearctic stock forage in relation to canopy height and subcould have been disadvantaged by being geared strate characteristics. Both communities are for competition with the palearctic low latitude composed of (1) major species that tend to be fauna. Pleistocene diffusion of warm-temper-most abundant and that clearly differ in their ate forms from the palearctic was doubtless use of food resources by height and/or subfurther impaired by boreal habitats along the strates, (2) minor species that may differ less transoceanic connections, although milder clearly in these respects but coexist because of conditions occurred during the Pliocene. For other differences in habitat use, and (3) incipalearctic derivatives that did penetrate tem-dental species that are present mainly as popperate North America, selection may have fa-ulation overflow from other habitats.
In addition to the patterns of differentiation within communities, the structures ofthese bird communities reflect the biogeographic and phylogenetic origins of the avifaunas, the effects of Pleistocene events, and the species' wintering habits. Species derived from palearctic stock tend to be year-round residents and to exploit food resources that mainly reflect winter feeding, e.g., arthropods occurring on tree boles, twigs, and conifer foliage. In contrast, the migratory New World species that radiated in the American tropics occupy the more seasonal niches involving aerial, terrestrial, and foliage insectivory.
Each species responds to its habitat in a unique fashion. These response patterns have undoubtedly evolved as the life style of each incipient species adjusted in response to the different selective forces, including characteristics of the physical environment and the occurrence of other species as predators, competitors, and prey. Consequently, the mix of bird species in a particular habitat, and hence "community structure," depends on the abilities of those species to find, in both evolutionary and present time, that habitat and to exploit successfully its resources.
The purpose of studying the relationships among coexisting species is to help unravel how and why their patterns of habitat use have been determined or affected. We believe that community comparisons, such as ours, that consider quantitative differences in avian niche responses to the resource structure of the habitats, offer promise for accomplishing this goal. We caution, however, that our analyses were based on the patterns within one main study site in each habitat. In order to assess community variability and achieve more complete comparisons, several replicates within each habitat type are needed. To our knowledge, this has never been done for a study of bird foraging niches. This lack is understandable because such data are difficult and laborious to obtain, especially when the community consists of 20 to 30 species. Data obtained in such studies should be published in detail, including tables of foraging maneuvers, substrates used, habitat variables, etc., (see Holmes et al. 1979 , Sabo 1980 ), which can be used for future syntheses. Moreover, future studies must be designed to include more rigorous and experimental approaches to gathering and analyzing the habitat responses and niche properties of birds. To do so will probably necessitate focusing on particular guilds, as was done by Root (1967) , Morse (1976b) , Rabenold (1978) , Eckhardt (1979) , and others, although none of these included replicated plots. As more of such studies are reported, it should become possible to understand more clearly how birds respond to their environments and to formulate models predicting community structure and habitat responses of forest birds.
